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Abstract 

Introduction: The aim of the study was to assess the influence of a supervised 
programme of exercises on ankle joint mobility in patients with venous leg 
ulcerations. 

Material and methods: The study was carried out between 2008 and 2009 at 
the Venous Ulcer Treatment Outpatient Clinic and Clinic of General and Vascular 
Surgery of the Dr Jan Biziel University Hospital no. 2 in Bydgoszcz. It was 
a randomized control study in which 32 patients with venous leg ulcerations 
were qualified. Patients with ulcerations were randomized to 2 groups - 16 
patients were included in the group with a supervised programme of exercises 
and the other 16 patients were included in the control groupperforming physical 
exercises by themselves, without supervision. The ranges of ankle joint mobility 
were assessed before, during and after the end of the 9-week exercise 
programme. A 32 cm goniometer with a scale from 0° to 180° with accuracy to 
1° was used for measurements. 

Results: In both groups a substantial increase of ankle joint mobility (p < 0.05) 
was observed. The total ankle joint mobility after completion of the exercises 
was significantly higher in the group performing exercises under the supervision 
of a nurse. Having a significant effect on the mobility of the ankle were the 
ulceration area, the extent of lipodermatosclerosis, and the intensity of 
symptoms and signs of CVI (p < 0.05). 

Conclusions: Supervised physical exercises broaden the range of ankle joint 
mobility. They should constitute an integral part of a holistic model of care for 
patients with venous leg ulcerations. 
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Introduction 

A multicentre epidemiological study conducted in Poland showed that 
venous diseases of lower limbs affect a significant part of the society. Like 
in other highly industrialized countries [1-3], their occurrence was found in 
as much as half of Polish adults, including 51% of women and 38.3% of men. 
Active and already healed venous ulcerations affect over 3% of adults [1]. 

The aetiological factor of chronic venous insufficiency (CVI) is, in most 
cases, the improper construction of a vein wall. It increases the 
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susceptibility of veins to stretching. It is the cause 
of cusp incompetence and venous reflux. 
Thrombosis and locomotor dysfunctions [4-6] are 
mentioned among other causes of CVI. The latter 
are rarely the primary cause of venous disorders. 
However, studies have shown that they can appear 
during the course of the disease and can accelerate 
its progression [4, 7, 8]. In advanced stages of 
CVI damage to the microvasculature, chronic 
inflammation process and lipodermatosclerosis can 
occur. Tissues undergo the process of fibrosis. This 
process also encompasses tendons, including the 
Achilles tendon and foot joint structures. The 
consequences are ankylosis of foot joints and the 
ankle joint, as well as limitation of their mobility 
[9]. It was demonstrated that there is a correlation 
between the clinical stage of CVI and the limitation 
of ankle joint mobility. The largest limitations are 
reported in patients with trophic disorders and in 
patients with venous ulcers [10, 11]. The con- 
sequences of the abnormalities are diverse. 
First, limited ankle joint mobility intensifies 
haemodynamic disturbances [7]. They are asso- 
ciated with a greater risk of the development of 
venous ulcers [8, 10]. They affect their healing and 
increase the risk of recurrence [5]. Dysfunctions of 
the locomotor system associated with CVI are also 
the cause of limited mobility and functional 
performance of patients with ulcers. Ulcers, limited 
ankle mobility and the pain associated with them 
make it difficult for patients to move, limit their 
daily activities, and significantly lower their quality 
of life [12-15]. 

Fiatarone et al. [16] showed that physical 
exercises can improve the function of calf muscles, 
even in 96-year-old patients. Further, Padberg et al. 
[7] demonstrated that an improvement in muscle 
strength and ankle mobility has a positive impact 
on the haemodynamics of the venous circulation. 
The aim of our study was to evaluate the influence 
of a supervised programme of physical exercises 
on ankle joint mobility in patients with venous leg 
ulcerations. The study adopted the hypothesis that 
ankle joint mobility in patients with venous leg 
ulcerations is significantly lower than in a group of 
healthy peers. It was assumed that systematic and 
supervised physical exercises broaden the range of 
ankle joint mobility and should be a part of holistic 
care for patients with venous leg ulcerations. 

Material and methods 

The study was carried out between 2008 and 
2009 at the Venous Ulcer Treatment Outpatient 
Clinic and Clinic of General and Vascular Surgery 
of the Dr Jan Biziel University Hospital no. 2 in 
Bydgoszcz. It was a randomized controlled trial 
in which 32 patients with venous lower leg 
ulcerations were qualified. Patients with 



ulcerations were randomized to 2 groups - 16 
patients were included in the group with an 
extensive programme of physical exercises (SG - 
study group) and 16 patients performing the basic 
programme of physical exercises were included 
in the control group (CG). Tossing a coin was the 
method of randomization. Patients were included 
in the study after a diagnosis had been 
performed. Venous aetiology was confirmed by 
the result of an ultrasound examination (duplex 
scan) of lower limb veins. Then arterial aetiology 
was excluded - measurement of the ankle 
brachial pressure index (ABPI) was performed. 
Only patients with ABPI within the normal limits, 
i.e. 0.9-13, were included in this study. Patients 
with ulcers of non-diagnosed aetiology were not 
included in this study. Also patients with chronic 
diseases such as diabetes, arterial hypertension, 
cardiovascular insufficiency, diseases of 
autoimmunological origin or skin and sub- 
cutaneous tissue diseases, as well as locomotor 
system diseases or past injury of the locomotor 
system, were excluded from the study. The 
exclusion was made on the basis of an interview, 
medical documentation analysis and results of 
the examination. 

Physical exercise programme 

Patients were recommended to perform 
exercises which stimulate the ankle-leg joint and 
calf muscles: 

• performing circular foot movements, 

• lifting the body weight while standing on the toes, 

• alternate performance of foot dorsiflexion and 
plantar flexion. 

The exercises were performed 3 times a day, in 
series of 15 repetitions. The patients completed 
diaries which helped to control the regularity of the 
performed exercises. Moreover, all patients walked 
3 km daily. 

Patients from the study groupadditionally 
exercised on training bikes. The strength used 
while exercising was described as "moderate", 
that is 3 points on a 5-degree Likert scale. The 
training took place under the supervision of 
a nurse during the patients' visits at the Venous 
Ulcer Treatment Outpatient Clinic, twice a week, 
20 min each time. All physical exercises were 
performed by patients after applying a two-layer 
compression with the use of a special short- 
stretch bandage. Physical exercises at the Venous 
Ulcer Outpatient Clinic took place under the 
supervision of a nurse. Exercises performed by 
the patients themselves at home were done 
without the supervision of a nurse. Patients were 
taught how to perform each exercise. They kept 
diaries where information about the type and 
time of physical exercises was recorded. 
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Measurement of the range of talocrural joint 
movements 

The ranges of ankle joint mobility were 
measured, especially foot dorsiflexion and plantar 
flexion. A 32 cm plastic goniometer with a scale 
from 0° to 180° with accuracy to 1° was used for 
measurements. The measurement was taken from 
the patient in supine position with his lower limbs 
straightened. Before this measurement, the patient 
was recommended to place his feet "without 
tightening" and relax his muscles. A protractor's 
axis was placed on the lateral malleolus. The 
movable arm of the protractor was applied to the 
outside edge of the foot, along the V bone of the 
metatarsus, whereas the immovable arm of the 
protractor was pointed at the fibular bone head. 
The range of foot dorsiflexion and foot plantar 
flexion was assessed as the foot deviation from the 
right angle. In the first stage, the patient was 
ordered to perform a maximum lift of the forefoot 
and the dorsiflexion was assessed. If the patient 
was not able to stretch his leg to the right angle, 
the value of the measurement was negative. In the 
second stage, the patient performed a maximum 
turn of his foot towards the ground and the plantar 
flexion was assessed. The maximum mobility of the 
ankle joint was assessed as the sum of foot 
dorsiflexion and plantar flexion. About 10 
measurements were taken from all patients (the 
initial measurement and 9 consecutive control 
measurements) at 1 week intervals. Within the 
study group control measurements were taken 
twice during visits to the Outpatient Clinic - before 
and after 20-minute ankle joint training. 

Clinical evaluation of patients with ulcerations 

The study assessed the clinical parameters such 
as the area of ulceration expressed in square 
centimetres (using the method of planimetry with 
a Visitrac device); the duration of ulceration was 
expressed in years and the level of pain with the 
use of a numerical 10-degree scale. The study also 
included an evaluation of the clinical scores of 
symptoms and signs in patients with ulceration 
(CEAP-C6), including: pain (0 - none, 1 - moderate, 
not requiring painkillers, 2 - severe, requiring 
painkillers), swelling (0 - none, 1 - moderate, 2 - 
severe), venous claudication (0 - none, 1 - 
moderate, 2 - severe), discolourations (0 - none, 
1 - local, 2 - extensive), lipodermatosclerosis (0 - 
none, 1 - local, 2 - extensive), size of the ulcer (0 - 
none, 1 - < 2 cm in diameter, 2 - > 2 cm 
in diameter), duration of the ulceration (0- none, 

1 - < 3 months, 2 - > 3 months), number of 
recurrences (0 - none, 1 - one, 2 - more than one) 
and the number of ulcers (0 - none, 1 - single, 

2 - plural). The patient could obtain a score from 



0 to 18. Higher scores of the CEAP-C6 clinical 
evaluation revealed greater intensification of 
symptoms and signs of CVI. 

Statistical analysis 

The study results were evaluated according to 
statistical methods. The basic descriptive statistics 
were determined. The significance of differences in 
the range of ankle joint mobility of both groups was 
analysed using the non-parametric Mann-Whitney 
U test. This test is used to compare variables of 
ordinal character and its calculations are based on 
the sum of ranks. The significance of differences in 
the scope of ankle joint mobility before and after 
the controlled training was tested with the paired 
Student's f-test. It was used for the analysis of 
differences between averages for matched pairs. 
Statistical hypotheses were verified at the 
significance level of p < 0.05. 

Average values which described other variables 
were compared using Student's t-test. In order to 
assess the numerical differences in particular 
observations among the studied groups, a % 2 test 
was used. 

The consent of the Bioethics Committee of the 
University of Nicolaus Copernicus Ludwik Rydygier 
Collegium Medicum in Bydgoszcz was obtained. 
The patients gave their voluntary written consent 
for participation in the study. 

Results 

The study included 32 patients with ulcerations, 
including 21 women (68.75%) and 11 men (31.25%), 
aged from 51 to 83 (average 73.3 ±9.66 years, Me 
= 76). Patients with ulcerations were randomized 
to two groups - 16 of them were in the study group 
(SG) and the other 16 in the control group (CG). 
The statistical analysis showed the homogeneity 
of the groups under study, according to age, gender 
and initial clinical parameters, including the 
duration of chronic venous insufficiency (CVI) and 
ulcerations, the ulceration area, the extent of 
lipodermatosclerosis and the point value of the 
CEAP-C6 score. The initial ranges of ankle joint 
mobility in both groups were comparable. As far as 
foot dorsiflexion is concerned, the average 
movement in both groups had a negative value; in 
the study group (SG) it was -2.25°, and in the 
control group (CG) -2.25°. Negative values of foot 
dorsiflexion were identified in 8 (50%) patients from 
the SG and 9 (56.3%) patients from the CG. As far 
as plantar flexion is concerned, the average 
movement in both groups was as follows: in the SG 
24.9°, and in the CG 24.6°. The total values for 
ankle joint mobility of patients with ulcerations 
were also comparable (22.7 vs. 24.6). The 
description of the groups is shown in Table I. 
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Table I. Characteristics of study subjects - evaluation of initial clinical parameters 



Variables 


Patients with ulceration 
[mean value ± standard deviation] 


Significance 
of differences 




SG - study group 
N = 16 


CG - control group 
N = 16 




Sex F : M [%] 


r - 11 
M = 4 (25) 


r — y [du. 3) 

M = 7 (43.7) 


X 2 = 0.978 
NS 


Age [years] 


77.2 ±7.66 
(Median = 76) 


72.3 ±10.13 
(Median = 71) 


t s = 1.511 
NS 


Dorsiflexion range [°] 


-2.25 ±6.3 


-2.25 ±6.7 


z = 0.156 NS. 
H = 166.178 
p < U.UU1 


Plantar flexion range [°] 


24.9 ±6.4 


26.8 ±6.6 


z = 0.144 

MC 

H = 14.67 
p < 0.001 


Total range of ankle-leg joint mobility [°] 


22.7 ±12.3 


24.6 ±12.7 


z = 0.156 

NS 
H = 8.654 
p < 0.05 


Ulceration surface area [cm 2 ] 


43.1 ±52.6 


47.7 ±73.2 


t = 1.116 
NS 


Ulceration duration [years] 


7.2 ±9.55 


8.5 ±9.91 


t = 0.377 
n.s. 


Pain intensity level [0-10] 


6.1 ±1.53 


6.25 ±1.87 


t = 0.248 
NS 


CEAP-C6 scores 

(clinical scores of symptoms and signs 
in patients with CVI) [0-18 pts.] 


13.0 ±0.93 


12.3 ±1.59 


t = 1.521 
NS 



The range of ankle joint mobility was assessed 
once a week in the study groupbefore and after 20 
min of training on a training bike. Altogether 10 
measurements were taken. From the first training 
a statistically significant increase of ankle joint 
mobility was observed, on average about 1.8 degrees. 
Values describing the complete increase of ankle joint 
mobility during further training sessions fell within 
0.9 to 1.9 degrees. The range of both dorsiflexion and 
plantar flexion increased. Dorsiflexion values reached 
0.4 to 0.9 degrees, whereas plantar flexion values 
reached 0.3 to 0.9 degrees. The differences in 
measurements before and after training were 
statistically significant (Table II). 

Comparison of the range of ankle joint mobility 
after consecutive weeks of observation showed 
statistically significant differences. In the study 
group (SG), differences in the range of dorsiflexion 
occurred from the fourth to the last week of 
observation. After four weeks of exercising, the 
range of dorsiflexion increased by 1.1 degrees and 
after nine weeks by 3.8 degrees (p < 0.001). 
Statistically significant differences of plantar flexion 
were observed from the third to the last week of 
the study. The range of plantar flexion in the study 
group increased by 1.3 degrees on average after 
three weeks of exercising, and by 4.6 degrees after 



nine weeks of training (p < 0.001). The complete 
range of ankle joint mobility increased significantly 
by 1.8 degrees after three weeks of exercising and 
by as much as 8.3 degrees after nine weeks of 
exercising (p < 0.001). 

An increase in the range of ankle joint mobility 
was also observed in the control group (CG). 
A statistically significant increase in the total ankle 
joint mobility occurred two weeks later in 
comparison with the study group (SG) (5 weeks vs. 
3 weeks). The total range of ankle joint mobility 
increased only by 1.5 degrees, in comparison with 
3.2 degrees in the SG. In the fifth week of observation 
inter-group differences were not statistically 
significant. Statistically significant differences 
appeared from the sixth week (2.4 degrees CG vs. 4.1 
degrees SG; p < 0.05) until the last week of exercising 
(2.1 degrees CG vs. 4.6 degrees SG; p < 0.05). The 
increase of dorsiflexion in the control groupwas 
smaller than in the study groupand statistically 
significant differences occurred during the last week 
of exercising (1.6 degrees in the CG vs. 3.8 degrees 
in the SG; p < 0.05) (Table III, Figure 1). 

The relationships between the range of ankle 
joint mobility and selected clinical parameters were 
analysed. The analysis showed that the ulceration 
area, the extent of lipodermatosclerosis and the 
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total score of the CEAP-C6 clinical assessment had 
a significant influence on ankle joint mobility. In the 
case of larger ulceration areas, the ranges of 
dorsiflexion (r = -0.605, p < 0.01) and plantar flexion 
(r = -0.525, p < 0.05) were smaller. A smaller range 
of mobility in the ankle joint occurred in patients 
with extensive lipodermatosclerosis (for dorsiflexion 
r = -0.707, p < 0.01 and for plantar flexion 
r = -0.699, p < 0.05). Patients who obtained 
a higher CEAP-C6 total score presented a smaller 
range of dorsiflexion (r = -0.822, p < 0.01) 
and plantar flexion (r = -732, p < 0.01). 
A relationshipbetween the range of ankle joint 
mobility and patients' age, duration of ulceration 
or level of pain intensity was not found (Table IV). 

Discussion 

In the conducted study, the hypothesis that the 
range of ankle joint mobility in patients with venous 
ulcers is lower than in those without ulcers was 
assumed. According to the data of Roaas and 
Andersson [17], the total range of ankle joint mobility 
in adults in a supine position is within the range of 
55-66 degrees, the average value of plantar flexion 
is 40-44 degrees, and the average value of 
dorsiflexion is 7-15 degrees. Grimston et al. [18] 
demonstrated that the range of ankle joint mobility 
decreases along with age and in about the 8th 
decade of life the total mobility of the ankle joint is 
15% lower than in the 3rd decade. We have not found 
a statistically significant relationship between ankle 
joint mobility and the age of the studied persons. 
This was due to the fact that the patients 
participating in our study were in a specific age range 
(51-83 years) and the majority of them were elderly. 
The total ankle joint mobility before starting physical 
exercises was 22.7-24.6 degrees, plantar flexion was 
24.9-26.8 degrees, and dorsiflexion was -2.25 
degrees. These parameters were 40-50% lower than 
in healthy persons. Belczak et al. [10] showed that 
ankle joint mobility decreases according to the clinical 
severity of CVI. The largest limitations of foot joint 
mobility occurred in the course of active venous 
ulcers. In our study, ankle joint mobility decreased 
together with an increase in the CEAP-C6 clinical 
scoring. We have also observed that dorsiflexion and 
plantar flexion of the foot depend on the area of 
ulceration and the extent of lipodermatosclerosis. It 
is mentioned in the literature [4, 10] that 
lipodermatosclerosis, which is typical for the 
advanced stages of chronic venous insufficiency 
(CVI), often covers the structures of foot joints, 
particularly the ankle joint and the Achilles tendon. 
The stiffness of the ankle joint limits the physio- 
logical range of foot mobility and prevents patients 
from maintaining proper biomechanics of walking. 

In a study conducted previously the authors [15] 
found that patients with CVI and ulcers are 
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ulcers. It is mentioned in the literature that factors 
which affect walking may also include pain caused 
by ulcers or disease, as well as past injuries and 
locomotor system diseases [8]. In our study pain 
associated with physical activity was reported by 
all patients. However, its intensity did not have 
a significant impact on ankle joint mobility. 

The fundamental assumption of our study was 
to demonstrate that ankle joint mobility can be 
improved by means of regular physical exercises. 
Previously Fiatrone et al. [16] showed that properly 
selected exercises contribute to an increase in 
muscle strength, even in 96-year-old people. 
Padberg et al. [7] showed that 3 months of 
supervised physical therapy conducted in patients 
with venous ulcers contribute to a significant 
increase in muscle strength and improvement of 
venous haemodynamics. An increase in venous 
ejection fraction (EF) and a decrease in residual 
volume fraction (RFV) were observed. In another 
study the authors [8, 20] showed that these two 
parameters are closely related to ankle joint 
mobility. Limitations of the total ankle joint mobility 
and foot plantar flexion have a significant impact 
on the lowering of ejection fraction (EF). On the 
other hand, the value of dorsiflexion correlated with 
residual volume fraction (RFV). Our study showed 
that regular physical exercises increase ankle joint 
mobility both in plantar flexion and in dorsiflexion. 
Improvement was achieved in all patients, but 
a significantly higher increase in foot mobility 



Table IV. Analysis of range of ankle joint motion correlation according to selected clinical parameters 



Variables 


Dorsiflexion (r- correlation rate) 


Plantar flexion (r- correlation rate) 




SG 


CG 


All 


SG 


CG 


All 


Age of patients 


0.23623 
NS 


-0.20448 
NS 


-0.12938 
NS 


0.10005 
NS 


0.20457 
NS 


-0.21952 
NS 


Ulceration time 


0.11567 
NS 


-0.03588 
NS 


0.03517 
NS 


0.12156 
NS 


0.05071 
NS 


-181542 
NS 


Initial ulceration area 


-0.73434 
p < 0.01 


-0.49981 
p < 0.05 


-0.60502 
p < 0.01 


-0.48934 
p < 0.05 


-0.40186 
p < 0.05 


-0.52579 
p < 0.05 


Ulceration area in 

4 th week of observations 


-0.77544 
p < 0.01 


-0.57209 
p < 0.05 


-0.67177 
p < 0.01 


-0.52579 
p < 0.05 


-0.53553 
p < 0.05 


-0.52539 
p < 0.05 


Ulceration area in 

8 th week of observations 


-0.70029 
p < 0.01 


-0.61561 
p < 0.01 


-0.65643 
p < 0.01 


-0.52539 
p < 0.05 


-0.49120 
p < 0.05 


-0.46129 
p < 0.05 


Initial level of 
pain intensity 


-0.12412 
NS 


-0.05256 
NS 


-0.08427 
NS 


-0.11361 
NS 


0.10002 
NS 


0.04172 
NS 


Pain intensity level 

in 4 th week of observations 


-0.03373 
NS 


-0.00583 
NS 


-0.05197 
NS 


-0.16398 
NS 


0.01112 
NS 


-0.02383 
NS 


Pain intensity level in 
8 th week of observations 


-0.09848 
NS 


-0.16868 
NS 


-0.15744 
NS 


-0.08503 
NS 


-0.02463 
NS 


-0.02437 
NS 


CEAP-C6 value score 


-0.81347 
p < 0.01 


-0.84058 
p < 0.01 


-0.82269 
p < 0.01 


-0.73312 
p < 0.01 


-0.77497 
p < 0.01 


-0.73295 
p < 0.01 


Extent of 

lipodermatosclerosis 


-0.75006 
p < 0.01 


-0.67065 
p < 0.01 


-0.70725 
p < 0.01 


-0.64362 
p < 0.01 


-0.75877 
p < 0.01 


-0.69996 
p < 0.05 




before after 1 after 2. after 3. after 4. after 5. after 6. after 7. after 8. after 9. 
—o- study group -■- control group 

Figure 1. Comparison of average values of the range 
of ankle joint mobility in consecutive weeks of 
observations 

characterized by a lower level of physical fitness 
compared with a groupof healthy peers. Patients 
with ulcers had difficulties when moving, they 
needed help more often than other people, and 
they required safety measures when using technical 
equipment during walking. In the groupof the 
elderly with ulcers, a greater risk of falling was 
reported [14,15]. The study results of Uden etai [19] 
confirm that patients with ulcers show significant 
disturbances of biomechanics and dynamics of 
walking. Proper walking is defined as precise, 
coordinated and repeated movements of the limbs 
undertaken to move the body from one place to 
another. Proper walking is not possible in the case 
of limited joint mobility or weakening of muscle 
strength, which are typical in patients with CVI and 
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occurred in patients undergoing the programme of 
exercises which were supervised by a nurse. The 
lower effectiveness of exercises performed by the 
patients themselves could result from less 
systematic exercises being performed by the 
patients in the control group. The patients 
practising at home kept self-monitoring diaries. 
However, it is difficult to determine to what extent 
they complied with our recommendations. 

Greater advantages related to the improvement 
of ankle joint mobility, even during a single training 
session, have been observed in patients performing 
exercises on a training bike. These exercises force 
the alternate bending and straightening of the foot. 
Ankle joint mobility increased by 36.6% within 
9 weeks of regular exercises. Other authors have 
shown that physical exercises also improve the 
haemodynamics of venous circulation [7]. In order 
to improve their efficiency is it recommended to 
use compression therapy. Compression increases 
the function of the muscle pumpin the calf. In the 
study of Hirai [21] it was demonstrated that high 
pressure under a bandage is generated, especially 
when walking and standing on tip toes. In our study 
patients were engaged in physical exercises after 
compression therapy had been applied. However, 
we did not evaluate its impact on the effectiveness 
of the performed exercises. 

Patients suffering from venous ulcerations 
present significant limitations of ankle joint 
mobility. The range of foot dorsiflexion and plantar 
flexion is limited in proportion to the ulceration 
surface area, clinical progression of ulcerations, as 
well as the extent of lipodermatosclerosis. 
A supervised programme of physical exercises 
should be an integral part of a model of care for 
patients with venous ulceration. Patients should be 
educated and encouraged to regularly exercise. 
Supervised physical exercises of the foot joint 
(standing on tip toes, foot bending, using a training 
bike) and walking increase the range of ankle joint 
mobility to a significantly higher degree than do 
exercises performed without supervision. They can 
inhibit the development of degenerative lesions 
occurring in CVI. Our study has not evaluated how 
long the achieved increase of ankle joint mobility 
is maintained after stopping physical exercise. It 
would be advisable to conduct further studies 
determining the influence of physical exercises on 
walking biomechanics, functional capability and the 
quality of life of patients with leg ulcerations. 
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